_  REPORT  DOCUMENTATION  PAGE 

Public  reporting  burden  for  this  collection 


fForm  Approved 
OMB  No.  0704-0188 


■  •  •  .  -  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewina  instructing  coarrhi™  . - — 

maintaining  the  data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other ?athe™9  and 
including  suggestions  for  reducing  this  burden  to  Department  of  Defense,  Washington  Headquarters  Services  Directorate  for  informal™  h6  a???c  °  th,s  co,lectlon  °-f  information, 

nigtiway.  Suite  1204  Arlington.  VA  22202-4302.  Respondents  should  be  aware  that  notvdthstanding  any  oth'e^proiision  of  liw no ?.?1 5,  JeHers°n  Da* 
collection  of  information  if  it  does  not  display  a  currently  valid  OMB  control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  aodrfsc  *  P  y  0  ,a"'ns  10  comply  wlth  3 


1.  REPORT  DATE  (DD-MM-YYYY) 


4.  TITLE  AND  SUBTITLE 


2.  REPORT  TYPE 

Technical  Papers 


6.  AUTHOR(S) 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Air  Force  Research  Laboratory  (AFMC) 

AFRL/PRS 
5  Pollux  Drive 

Edwards  AFB  CA  93524-7048 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Air  Force  Research  Laboratory  (AFMC) 

AFRL/PRS 
5  Pollux  Drive 

Edwards  AFB  CA  93524-7048 


12.  DISTRIBUTION/ AVAILABILITY  STATEMENT 


Approved  for  public  release;  distribution  unlimited. 


3.  DATES  COVERED  (From  -  To) 


5a.  CONTRACT  NUMBER 


5b.  GRANT  NUMBER 


5c.  PROGRAM  ELEMENT  NUMBER 


5d.  PROJECT  NUMBER 

93  oX 


5e.  TASK  NUMBER 

r/i  1 6i  2— 


5f.  WORK  UNIT  NUMBER 


8.  PERFORMING  ORGANIZATION 
REPORT 


10.  SPONSOR/MONITOR’S 
ACRONYM(S) 


11.  SPONSOR/MONITOR’S 
NUMBER(S) 


13.  SUPPLEMENTARY  NOTES 


16.  SECURITY  CLASSIFICATION  OF: 


a.  REPORT 


Unclassified 


b.  ABSTRACT 
Unclassified 


c.  THIS  PAGE 


Unclassified 


17.  LIMITATION 

18.  NUMBER 

OF  ABSTRACT 

OF  PAGES 

( 

19a.  NAME  OF  RESPONSIBLE 
PERSON 

Leilani  Richardson 

19b.  TELEPHONE  NUMBER 

(include  area  code) 

(661)275-5015 


Ob  Sr-C 


O'S  c 


Standard  Form  298  (Rev.  8-98} 

Prescribed  by  ANSI  Std.  239.1 8 


Xo.l 


N 


/rrcf  r-3. 


'TP-fVff-d&tf 


✓  c>ts 


FROM:  PROI  (TI)  (STINFO)  16  June  1999 

SUBJECT:  Authorization  for  Release  of  Technical  Information,  Control  Number:  AFRL-PR-ED-TP-FY99-0 1 34 
C.T.  Liu,  “Influence  of  Near  Tip  Damage  on  the  Initiation  Fracture  Toughness  of  a  Particulate  Composite” 

1999  ASME  Summer  Conference  'Presen^aVizJA  (Public  Release) 


MEMORANDUM  FOR  PRS  (eontractor/In-House  Publication) 


Influence  of  Near  Tip  Damage  on 
the  Initiation  Fracture  Toughness 
of  a  Particulate  Composite 


C.  T.  Liu 
And 

T.  Miller 

^Dfe-A€rAFRL/PRSM 
10  E.  Saturn  Blvd.  Edwards  AFB  CA  93524- 

7680 


20021119  12/ 

v - —  _ _ _ y 


Objectives 


Investigate  the  Effects  of  Crack  Tip  damage, 
Specimen  Thickness,  and  Initial  Crack  length 
on  the  Initiation  Fracture  Toughness  of  a 
Particulate  Composite  Material. 

Specimen  Thickness  :  0.2  in;  0.5  in;  1.0  in*£  and 
1.5  in. 

Initial  Crack  Length  :  0.1  in;7  0.2  in*;  0.3  ii# 
and  0.4  in. 


Local  Dewetting  About  Filler 
Particles  in  Propellant 


Unstrained  30%  Strain 


Figure  xx  -  Crack  initiation,  1.0”  thickness,  .30”  initial  crack  length, 


Figure  xx  -  Damaged  region  ahead  of  crack  tip,  1. thickness. 


Figure  xx  -  Double  ligament  formation  ^50«7nlhickness. 


Figure  xx  -  Ligament  formation,  D20Hthickness. 


FEM  mesh  at  crack  tip 


Case  Damage  Element 


Table  1.  Summai 
Damage 
nt  Element 
Modulus 

_ MPa  (psi) 

_ 0414  (60) 


I of  crack-damage  interaction  analysis 
Poisson's  Inside  1  Middle  Outside 


Ratio 


0.4999 


0.4999 


Layer 

K, 

MPa-cm0-5 

1.871 


1.931 


Layer 

K 

MPa-cm0-5 


Layer 

K, 

MPa-cm° 


3/o  FFS 


Fracture  Specimens  a/w  =  0.3 


strain  [in/in]  strain  [in/in] 


a/w=0.3 


strain  [in/in]  strain  [in/in] 


Regressive  Calculation  of  K 

Slope  of  Curve  Gives  Value  for  K 


1/sqrt(pi  a)  f(a/w) 


Variations  of  Fracture  Toughness  at  Crack  initiation  with  a/w,  Thickness 

(Ambient  Pressure) 


dogbones  (a/w=0.3) 


Table  I  Summary  of  Kn  Value  for  Sheet 

Specimen*  (Ambient  Pressure,  Strain  Rate  =  8  min1) 


Conclusions 


1.  Local  Damage  at  the  Crack  Tip 
Minimized  the  Transverse  Constraint. 

2.  The  Initiation  Mode  I  Fracture 
Toughness  KIC  x  is  Insensitive  to  the  Specimen 
Thickness. 

3.  Linear  Fracture  Mechanics  can  be  Used 
to  Determine  KICI  for  Initial  Crack  Length 
Equal  to  or  Greater  than  0.2  in. 

4.  There  is  no  Strain  Fracture 

Toughness  of  this  Particulate  Composite 
Material. 


